THE RELATION OF THE SPLEEN TO BLOOD DESTRUCTION AND REGENERATION AND TO HEMOLYTIC JAUNDICE : VI. THE BLOOD PICTURE AT VARIOUS PERIODS AFTER SPLENECTOMY. by Musser, J. H. & Krumbhaar, Edward B.
THE  RELATION  OF THE  SPLEEN TO BLOOD  DE- 
STRUCTION  AND  REGENERATION  AND  TO 
HEMOLYTIC  JAUNDICE. 
VI.  THE  BLOOD PICTURE  AT  VARIOUS  PERIODS  AFTER 
SPLENECTOi~Y.* 
BY  J.  H.  MUSSER,  JR., M.D.,  AND  EDWARD  B.  KRUMBHAAR,  M.D. 
(From the Yohn Herr Musser Department of Research Medicine of the  Univer, 
sity  of  Pennsylvania,  Philadelphia.) 
In an earlier communication one of us  I has described the changes 
in the blood observed in three dogs during a period of three months 
after  splenectomy.  The  observations  indicate  that  a  secondary 
anemia develops almost immediately, reaches its greatest severity at 
the end of about  one month, and that the blood picture returns  to 
normal after about two and  a  half to  three months.  Accompany- 
ing this  change in the  red cells  is  a  leucocytosis most marked im- 
mediately after operation,  and  diminishing gradually,  though  per- 
sistent to a  slight degree, as long as counts were made.  The only 
other point of interest was the absence of eosinophils from the third 
to the eleventh day, but followed later by an increase varying from 
6  to 20 per cent. of the total white cell count. 
Later,  in a  second investigation,  ~ the object of which was to de- 
termine the relation between various grades of anemia and the ease 
of  producing  hemolytic  jaundice,  it  was  found  that  the  blood 
picture after splenectomy is  not always the  same.  Sometimes the 
anemia develops very slowly, or is  of only mild degree, or is long 
continued with the reparative process coming on very late.  These 
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results  appeared  to  demand  a  supplementary  study  on  a  larger 
number  of animals  and  for longer periods.  It  is this  study that  is 
here presented. 
MATERIAL. 
In  addition  to  continuing  the  counts  forming  the  basis  of  the 
first  report,  counts  have  been  made  also  on  four  other  animals; 
thus  this  report  is based  on observations  on  seven  animals,  six  of 
which  were  under  observation  for periods  of  eight  to  ten  months 
after  splenectomy. 
The  operation  in  each  case  was  a  simple,  practically  bloodless, 
splenectomy under ether anesthesia.  The  animals  were kept under 
as  favorable circumstances  as kennels  allow,  and  as  a  rule  showed 
an  increase  in weight at the end of ten months,  though  two  (Nos. 
32  and 33)  dropped,  respectively,  from  IO,26o and  7,050 grams  to 
9,17o  and 5,980 grams. 
RESULTS. 
The  changes  in  the  red  cell  count,  the  hemoglobin  content,  and 
the leucocyte count,  respectively, are shown in tables I,  II,  and  III, 
while in text-figures  I,  2,  and  3  are  shown the corresponding  com- 
posite curves. 
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TEXT-rIG. I.  Composite curve of the red blood cell count of seven dogs. 
As  will  be readily  seen,  this  larger  number  of  observations  for 
longer periods shows greater variations than was evident in the first 
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maximum severity after  about  thirty to  forty-five days,  and  then 
after  gradual  improvement  the  red  cell  count  approaches  the 
normal  level  at  about  the  end of  three  or  four months,  but  con- 
tinues to  increase until the end of the eighth or tenth month.  An 
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TEXT-FIG. 2.  Composite curve of the hemoglobin estimation of  seven dogs. 
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TEXT-FIG.  3.  Composite  curve  of  the  leucocyte  counts  of  five dogs. 
exception is seen in dog 44,  in which the red cell count and hemo- 
globin content had not returned entirely to normal after ten months, 
though the initial anemia was well marked at the fifteenth day.  On 
the other hand,  dog 46  failed to  show a  fall  in the red cell count 
until one month had elapsed. 
As  a  rule,  the  decrease  in  hemoglobin  content  occurs  a  little 
sooner and is more marked than the fall in the red cell count; also 
as improvement begins the increase in hemoglobin falls behind  the 
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The  hemoglobin  figures  vary considerably,  the  lowest  being  50 
to  60  per  cent.  during  the  fourth  to  the  seventh  week,  the  drop 
before this time and the rise after being equally gradual. 
TABLE  I. 
Red  Cell  Count. 
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The  leucocyte picture  is  quite  constant  in  all  animals.  All  de- 
veloped a  leucocytosis of 26,ooo to 38,ooo per cubic millimeter of 
blood on the day after splenectomy, with a  rapid  fall in a  few days 
to 2o, ooo, and then a more gradual decrease, reaching almost to the 
normal level at the end of four months. 
It  was  found that  the initial  leueocytosis was  due mainly to  an 
increase in polymorphonuclear neutrophilic leucocytes.  An eosino- 
philia of  from  Io to  32  per cent. persisted  in .one  dog during  II 3 
days  of  observation,  while  in  another  it  varied  during  Io  7  days 
from 6  to  II  per  cent.  Lymphocytosis,  as  has  been  usually  de- J.  H.  Musser,  Jr.,  and  Edward  B.  Krumbhaar.  491 
scribed, was not found in this series.  In no count were the lympho- 
cytes recorded as higher than 32 per cent.,  while the average count 
in  all  dogs  was about  18  to 26 per cent.  As,  therefore,  computa- 
tions  of  the  actual  number  of  the  different  white  cells  per  cubic 
millimeter  would  show  much  the  same  results  as  the  percentages 
given,  the  figures  are  not  presented.  Punctated  normocytes,  such 
as are described by HSrz, 8 were not  found. 
TABLE  II. 
Hemoglobin Estimation. 
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In our first communication  4 on this subject, the conflicting reports 
of the  literature  were given.  The  few reports that  have  appeared 
since then  support  the  general  findings;  that  is,  that  after  splenec- 
tomy there is a  distinct anemia with hyperleucocytosis and transient 
H6rz,  W.,  Ueber  Splenektomie bei  traumatischer Milzruptur, Beitr. z.  klin. 
Chir.,  19o6, 1,  188. 
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eosinophilia.  Schulze, 5  for  example,  by  daily  counts  for  forty- 
seven days,  followed the blood changes in man that occurred after a 
posttraumatic  splenectomy,  and  found  that  the  red  cells  after 
dropping  quickly  to  three  million  per  cubic  mil,limeter  remained 
below four million for a month and a half.  After  four months the 
erythrocyte  count  had  risen  to  5,2oo,ooo.  The  hemoglobin,  after 
TABLE  III. 
Leucocyte  Count. 
Dog 32.  Dog 4  Z.  Dog 44.  Dog 57.  Dog 59.  Preliminary count, 
days. 
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staying at 90 per cent.  for a  few days,  dropped to 7 °  and was at 80 
after  forty-seven  days; after  four months,  however,  it was  only 81 
per  cent.  The  leucocytes  rose  quickly  to  2o,ooo  (on  two  counts 
there  were  almost  3o,ooo);  after  forty-seven  days  there  were 
io,ooo,  and  after  four  months  9,3oo.  An  eosinophilia  of  5  to  8 
per cent. persisted for seventeen days and then dropped to normal. 
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In attempting to explain the gradual return toward normal after 
splenectomy it  is  assumed by  the  investigators  who  consider  the 
spleen a hemopoietic organ, that other tissues, such as the lymph or 
hemolymph nodes,  take  on  the  activities  of  the  spleen.  In  this 
connection the  finding by  Faltin  6  of  multiple  spleen-like  bodies, 
having histologically the structure of  the spleen, would appear  to 
offer  some  support  to  this  explanation.  These  supernumerary 
spleens are not, however, always found in man, when post-mortem 
examinations have been made long after splenectomy, and we have 
found no evidence o.f  such  compensatory development in  the dog 
one  year  after  splenectomy.  We  have  no  explanation  to  offer 
either of the anemia that follows splenectomy or o.f the later blood 
regeneration.  These two problems, as well as that concerning the 
increased resistance of the red blood corpuscles, always associated 
with the anemia of splenectomy, have been and still are under in- 
vestigation in  this  laboratory,  7 but  with  little  prospect of  an  im- 
mediate solution. 
SUMMARY. 
After splenectomy anemia usually develops quickly and  reaches 
its height in from three to six weeks; then with gradual improve- 
ment the blood' picture approaches the normal after  about three to 
four months, with complete return to normal in five to ten months. 
Accompanying this  is  marked  leucocytosis reaching  its  height  in 
twenty-four  hours  but  persisting  to  a  slighf  degree  for  several 
months.  Variations, however, may occur, in that the anemia may 
develop slowly  and  be  of  slight  degree, or the  reparative  process 
may be delayed and up to ten months incomplete.  The anemia is, 
however, inevitable; as is also, later, some degree of repair. 
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